interbody carbon fiber cage reconstruction and L1-3 ventral instrumentation. He tolerated this procedure well and had good relief of his back pain until 4 months before presentation, when progressive back pain developed with upper lumbar radicular pain and paresthesia.
Examination. On presentation, the patient reported fever, back pain, upper lumbar radicular pain and paresthesia, urinary retention, and an inability to walk for the previous 2 weeks. Physical examination revealed a malnourished middle-aged man with significant spinal guarding and multiple upper-extremity subcutaneous abscesses. Neurological examination revealed weakness of the iliopsoas (Medical Research Council Score 3/5), quadriceps (4Ϫ/5), tibialis anterior (4ϩ/5), and gastrocnemius (4ϩ/5) muscles; decreased sensation of light touch and pinprick in the L-1, L-2, and L-3 dermatomes; hypoactive reflexes at the quadriceps (1/4) and gastrocnemius (1/4) muscles; and downgoing toes bilaterally.
Neuroimaging Findings. A CT scan of the lumbar spine revealed a destructive process involving the vertebral bodies of L-1, L-2, and L-3 ( Fig. 1 ) and large bilateral psoas abscesses (Fig. 2) . The previously placed spinal instrumentation appeared loose with partial pullout of the upper screws.
Microbiological Findings. A preoperative CT-guided biopsy procedure confirmed the presence of a mixed Sc. apiospermum and Staphylococcus aureus osteomyelitis for which the patient received oral voriconazole (200 mg every 12 hours) and intravenous nafcillin (2 g every 4 hours), respectively.
Combined Medical and Surgical Management. Surgical management was initially planned as three separate staged procedures. A period of observed, inpatient bed rest was planned to help optimize medical management and to determine when an instrumented fusion for stabilization should be performed. An effort was made to maximize the amount of time the patient could be treated without spinal instrumentation. An inadequate ventral reconstruction was achieved at Stage 2 and required an unplanned revision. For the purpose of description, six stages of management are described as follows.
Stage 1: Instrumentation Removal. The patient underwent a standard retroperitoneal approach to the thoracolumbar spine through the previous incision on the left flank. On entering the retroperitoneal space, approximately 1700 ml of free-flowing pus was evacuated and sent for culture. Further dissection proved difficult because of significant scarring of the retroperitoneum that limited the extent of the exposure. The previously placed ventral plate and screws were found to be mobile and were removed. The previously placed carbon fiber cage was also mobilized and removed. The previous corpectomy site was debrided as well as possible and the new trough was measured to accept a tricortical iliac crest bone graft that would be harvested at the beginning of Stage 2. Three 10-mm Jackson-Pratt drains were placed into the retroperitoneal space close to the corpectomy site. Subsequently, an inflow and outflow irrigation system was established through the drains (Fig. 3) . Intraoperatively obtained cultures grew S. aureus and Sc. apiospermum and the patient continued to receive intravenous nafcillin and oral voriconazole. He tolerated the procedure well, was kept on strict bed rest, and the inflow and outflow drains remained in place over the next 7 days.
Stage 2: Attempted Ventral Reconstruction. Seven days after undergoing Stage 1 treatment, the patient was returned to the operating room. He was placed supine, a large tricortical iliac crest graft was harvested, and the incision was closed. The patient was then placed in the left lateral decubitus position and a repeated retroperitoneal approach to the thoracolumbar spine was made through the existing left flank incision. The inflow and outflow drains were removed and the recently debrided trough was identified. Exposure of the graft site remained severely limited by an inflamed, enlarged psoas muscle. This precluded safe mobilization of the psoas away from the posterior vertebral bodies. The recently debrided corpectomy site was sized and the graft was fashioned. Caudal exposure of the corpectomy site remained significantly limited. Although the defect could be palpated, direct observation of the caudal end could not be accomplished because of the inflamed psoas musculature. The tricortical iliac crest bone graft was eventually tamped into place with the aid of fluoroscopy to guide the caudal end.
Stage 3: Prolonged Bed Rest and Observation. Postoperatively the patient tolerated the procedure well and his condition continued to improve, with 4ϩ/5 psoas and quadriceps strength as well as improvement of his upper lumbar sensation. He remained on 10 weeks of strict bed rest with prophylaxis for deep venous thrombosis. Nutritional support was provided in the form of health shakes. During this time his antibiotic regimen continued with intravenous nafcillin and oral voriconazole. After 10 weeks he was fitted with a TLSO and mobilized with physical therapy. Standing x-ray films demonstrated dislodgement and posterolateral displacement of the iliac crest graft. The patient was discharged to a rehabilitation facility with instructions to wear the TLSO when upright. He continued on a regimen of oral Keflex (500 mg every 6 hours) and voriconazole (200 mg every 12 hours).
After discharge, the patient was seen every other week in outpatient follow-up review with serial spinal x-ray films. Initially he appeared to be doing well with minimal back pain. As anticipated, he subsequently reported increasingly severe back pain and intermittent leg pain. Serial upright thoracolumbar spinal x-ray films revealed progressive kyphosis and laterolisthesis (Fig. 4) .
During this time diffuse lower-extremity edema developed in this patient. Results of lower-extremity Doppler evaluation were negative for deep venous thrombosis. We thought that his symptoms might represent a reaction to either the ibuprofen used for pain control or the Keflex, and both medications were accordingly discontinued. The patient was lost to follow-up care for a period of several weeks but subsequently presented again to the clinic after he was reincarcerated for violation of his probation by continued intravenous drug use. Given his increased lumbar pain and the radiologically confirmed progression of his deformity, we believed that surgical stabilization would be required.
Stage 4: Revision of Ventral Reconstruction. The patient was admitted to the hospital and received a preoperative bowel preparation. With the assistance a general surgeon, we subsequently performed a repeated left retroperitoneal approach to the thoracolumbar junction. Significant scarring of the retroperitoneum was again encountered but exposure was more easily accomplished because the psoas musculature had resumed a more normal size. The iliac crest graft was identified and found to be well adherent to the surrounding paraspinous tissue, but was nevertheless loose. The graft was removed and sent for culture, which proved negative. The corpectomy site was again debrided to obtain bleeding cancellous bone surfaces, and two locally harvested rib grafts were placed into the trough for interbody ventral support from T-12 to L-3 (Fig. 5) . The patient tolerated the procedure well and was continued on the regimen of oral voriconazole (200 mg every 12 hours).
Stage 5: Dorsal Stabilization. Six days after undergoing Stage 4, the patient was returned to the operating room, where a posterior intertransverse process thoracolumbar fusion was performed with pedicle screw fixation from T-11 to L-4. The patient was then mobilized in a TLSO and discharged to the medical unit of the correctional facility. He continued to receive antibiotics including rifampin, voriconazole, and cephalexin.
Stage 6: Follow-Up Review. The patient continued to wear the TLSO for 3 months postoperatively, after which he was weaned from the brace. His recovery has continued to progress, with minimal back and leg pain. His last follow-up visit was approximately 25 months after initial presentation to our institution. Follow-up xray films have revealed no evidence of recurrent infection and they show maintenance of spinal alignment (Fig. 6 ).
Voriconazole Levels
Samples used to assess bone levels of voriconazole were obtained (Fugus Testing Lab, San Antonio, TX) at the initial debridement and removal of the carbon fiber
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Treatment of chronic Sc. apiospermum vertebral osteomyelitis cage after the patient had received the drug for 2 weeks. Briefly, two tiny cancellous bone fragments (290 mg) were homogenized in a methanolic tetramethylethylenediamine buffer and extracted using solid-phase extraction. The eluate was analyzed using high-pressure liquid chromatography. The chromatogram was extremely clean and the voriconazole level was below the limit of detection (Ͻ 0.2 mg/ml). The patient had received a 200-mg dose of the drug 6 hours before surgery. Although a concurrent plasma sample was not obtained during the bone sample removal, previous blood samples documented a trough voriconazole concentration of 1 mg/ml. Voriconazole therapy was continued despite the bone levels, given the improvements noted with the inflammatory markers as follows.
Serological Monitoring
Serial ESRs demonstrated normalization to 6 mm per hour after Stage 2. After the patient was discharged from the rehabilitation hospital, the ESR and CRP level increased to 27 mm per hour and 4.5 mg/dl, respectively. The CRP level subsequently normalized to 0.5 mg/dl 3 months after reincarceration and resumption of the antibiotic regimen.
DISCUSSION
According to the literature, Sc. apiospermum is a rare cause of fungal vertebral osteomyelitis, with only six cases previously reported (Table 1) . [4] [5] [6] 8, 11, 12 In our case, the patient presented with progressive spinal pain and weakness 16 months after an L-2 corpectomy and placement of spinal instrumentation. Progressive spinal pain is the most common presentation in patients with a fungal osteomyelitis. 5, 21 Most of the reported cases have been related to direct extension of a pulmonary infection, 8 hematogenous spread, 6, 12 or direct inoculation. 4, 5 The infection has occurred in both immunocompromised 4, 6 and immunocompetent 5, 8, 11, 12 patients. With the growing population of immunocompromised patients from acquired immunodeficiency syndrome, organ transplantation, steroid use, total parenteral nutrition, and cancer treatment, these cases may continue to emerge. This will require some familiarity with the optimal multidisciplinary management of such infections on the part of spine surgeons and infectious disease specialists.
This case illustrates some of the difficulties in disease management in patients with fungal vertebral osteomyelitis in general and Sc. apiospermum in particular. In patients presenting with a new, destructive lesion of the spine, the diagnosis of a fungal infection is often delayed while treatment for either a presumed pyogenic or tuberculous process is initiated. 5, 6, 8, 11 It is only after failure of empirical medical treatment that the lesion is reexamined and the correct diagnosis established, often by pathological examination of surgically obtained tissue. As demonstrated in this case report, the infection is often resistant to the traditional antifungal agents such as amphotericin B, miconazole, or itraconazole. 19 This resistance leads to a chronic osteomyelitis with avascular necrosis of the bone and associated abscess formation. Treatment will eventually require a combined surgical and medical approach for optimal outcome.
Defining Chronic Vertebral Osteomyelitis
The distinction between an acute and a chronic osteomyelitis is an important but poorly defined concept in the management of vertebral osteomyelitis. The vast majority of clinical series include patients with pyogenic and/or tuberculous infections of relatively recent onset. 1, 3, [15] [16] [17] A smaller number of reports have been published regarding the management of fungal osteomyelitis. 5, 21 In the majority of cases, initial management consisting of proper diagnosis, antimicrobial therapy, and bracing will be successful. 1 If this initial management fails, resulting in spinal instability and/or neurological deficit, then surgical debridement and stabilization is considered. In this report we describe a clinical situation in which the infection progressed despite primary reconstruction. For the purpose of discussion, a working definition of a chronic vertebral osteomyelitis is as follows: an infection that fails to respond to the initial combined medical and surgical management.
Surgical Management of Chronic Vertebral Osteomyelitis
From a surgical perspective, this case highlights how the management of a chronic vertebral osteomyelitis and an acute infection differ. Three aspects of management are emphasized: use of salvage procedures, avoidance of spinal instrumentation, and choice of graft material.
Salvage Procedures
From the start we believed that three separate, staged salvage procedures would be required, with a planned period of bed rest during which spinal instrumentation would be avoided. In Stage 1 the infected instrumentation would be removed, an anterior debridement performed, and inflow, outflow drains placed. During the following week the diagnosis would be confirmed and antifungal therapy would be modified as needed. In Stage 2 an iliac crest autograft would be harvested and an interbody fusion without instrumentation performed. Stage 3 would consist of a prolonged period of bed rest during which the patient would be monitored clinically, radiographically, and serologically for evidence of disease progression. Stage 4 would consist of an instrumented posterolateral fusion that would be delayed as long as possible. The timing of Stage 4 would depend on the results of serial clinical examinations, radiographic studies, and laboratory tests for evidence of disease progression. This stage was eventually completed 9 months after the patient's initial presentation to our institution.
Salvage surgical procedures demand special attention and skill from the treating surgeon. Normally easily identifiable anatomical relationships are often poorly defined, scar tissue can limit mobilization of local anatomical structures, and exposure can be difficult to obtain. Such exposure can usually be accomplished by identifying the relatively normal anatomy above and below the previously instrumented levels. The instrumentation, bone graft, and edges of the previous corpectomy site are then defined. As our case illustrates, obtaining appropriate exposure for debridement and grafting may be extremely difficult in the setting of a chronic infection in which paraspinal abscess and inflamed paraspinous musculature limits retraction. Despite suboptimal placement of the interbody graft, the patient was kept on prolonged, observed bed rest for 10 weeks. During this time he improved, reporting less back pain, he demonstrated increased lowerextremity strength, and his ESR normalized.
Instrumentation Avoidance
In our opinion temporary avoidance of spinal instrumentation may be required, thus mandating a period of bed rest. Given the fact that this case represented a failed anterior reconstruction with continued active infection in the presence of spinal instrumentation, a repeated anterior debridement and reconstruction was required. In a review of the previously reported cases, we found two of six in which an initial posterior debridement failed. 5, 12 This is not surprising, because the infection often spares the posterior elements. This observation emphasizes the role of anterior debridement in aggressive or advanced spinal infections.
Whereas acute postoperative wound infections in the setting of posterior spinal instrumentation can be managed with soft-tissue debridement and the use of inflow, outflow drainage, 10, 14 it is unclear how best to manage spinal instrumentation associated with a chronic infection. Recent series of single-stage anterior debridement and fusion without instrumentation, 1 single-stage anterior debridement and fusion with instrumentation, 15 staged anterior debridement with sequential 16 avoided placement of any material that may be considered foreign. In the setting of a chronic vertebral osteomyelitis, it is our belief that this basic tenet of surgery should be observed.
In our case this provided a 9-month time window during which the patient received medical therapy to optimize suppression of the infection. While his back pain and spinal deformity progressed over this time, he was temporarily lost to follow-up care. There is little doubt that shortly after discharge from the hospital the patient was noncompliant with his antibiotic regimen, as evidenced by a rise in both the CRP level and ESR. After reincarceration, the patient was again forced into compliance with his medical regimen, which resulted in a decrease in the CRP level. At this time it was believed that the patient should undergo revision of the anterior graft, followed by a staged posterolateral fusion with instrumentation.
Graft Choice
In the setting of a chronic infection, the spine surgeon should pay particular attention to the choice of reconstructive materials. It is believed that materials that may be considered foreign should be avoided. Such foreign materials would include carbon fiber (as previously used in our case), titanium, and allograft. Although the use of titanium cages and structural allografts has been reported to yield good outcomes in the literature, it should again be noted that these reports are limited to the management of pyogenic and tuberculous vertebral osteomyelitis of presumed recent onset. Good results have been reported in the literature for iliac crest or rib autograft in a variety of infections. 1, 5 Finally, use of a vascularized bone graft may be considered in cases of chronic osteomyelitis. 2, 13 These techniques are most commonly used in the thoracic spine and may be difficult to apply at the thoracolumbar junction.
Medical Management of Chronic Vertebral Osteomyelitis
From a medical perspective, the management of a chronic vertebral osteomyelitis starts with the diagnosis of continued active infection. As in our case, this may require cessation of antifungal agents and performance of tissue biopsy sampling in a delayed fashion. If results of the initial biopsy procedure are negative then repeated 
